In ferroelectric compounds with the tungsten bronze structure,13)-17) the tetragonal unit cell (A1)2 (A2)4 (C)4 (Bl)2 (B2)8O30 or (A1)2 (A2)4 (B1)2 (B2) 8O30 consists of 10 B06 octahedra linked by their corners in such a manner as to form five kinds of tunnels running right through the struc ture parallel to the c-direction. In the crystal structure the A1, A2, C and B sites are the 15-,12-, 9-, and 6-fold coordi nated oxygen octahedra sites, respectively, with the A sites occupied by Sr, Ba, Ca, Pb, K, or Na, the C sites by Li, and the B sites by either Nb or Ta. The polar unit of the tungsten bronze compounds is the NbO6 octahedron, and the interac tion between the Nb atoms and the oxygen framework in the polar unit predominantly accounts for the ferroelectricity in such materials.13)- 18) Although the Sr2-xCaxNaNb5O15 single crystals were reported to possess excellent optic-electric and piezoelectric properties, there are few studies on their ceramic forms.19) Studies on sintering of tungsten bronze ferroelectric ceramics indicated that the abnormal grain growth associated with the formation of pores and cracks frequently occurred, which deteriorated their physical properties.20)-22 ) Several methods were used to obtain highly dense tungsten bronze ferroelectrics, such as hot pressing,23), 24) hot isotro pic pressing,24) spark plasma sintering,25) dual-stage sinter ing 21), 22 ) and the addition of sintering aids.26) In a previous work (Ref. 25 ) fully dense SCNN piezoelectric ceramics were attained by using plasma spark sintering, and their electrical properties were investigated.27) In the present paper, we used the dual-stage sintering techniques to prepare dense SCNN piezoelectric ceramics. One the other hand, much work on doping with various metal oxides was done to improve the dielectric, ferroelectric and piezoelectric properties of tungsten bronze ferroelect rics.13), 14), 26), 28), 29) In particular, doping with lanthanum oxides resulted in dramatic increases in the dielectric con stant and piezoelectric constant.13), 28) It is expected that the electrical properties of SCNN can also be improved by lan thanum oxide doping. 
Piezoelectric properties
Piezoelectric properties, such as the electromechanical coupling coefficients and the piezoelectric constant, were calculated by the resonance-antiresonance frequency method. The resonance and antiresonance frequencies, fr and fa, can be determined from the frequency dependent im pedance of samples, which are shown in Fig. 5 . The radial mode and thickness-mode electromechancial coupling coefficients, kp and kt, were 13.7% and 38.6% for the un doped sample, and 9.6% and 42.0% for the La-doped sam ple. The average piezoelectric constant, d33, was 119pC/N for the undoped sample, and it increased to 138pC/N for the La-doped sample, which was about 44% and 51% of that of the single crystals (d33=270pC/N). The increases in the (4) The good piezoelectric properties of the SCNN based ceramics enabled them to be new lead-free candidates for sensor applications in sensing patches.
